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LIQUID CRYSTAL DEVICE AND METHOD
OF MAKING A LIQUID CRYSTAL DEVICE

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a liquid crystal device and
to a method of making a liquid crystal device.

BACKGROUND OF THE INVENTION

A parameter of a liquid crystal structure, such as director
orientation or smectic layer structure, may be said to be
actively aligned if alignment layers induce a preferred
coniliguration on the parameter and, if the preferred configu-
ration 1s perturbed, the alignment layers exert a restoring
force or torque.

Conventional liquid crystal displays (LLCDs) are not sub-
stantially degraded by the effect of mechanical distortion
applied to the LCD. This 1s because the most important
parameter determining the liquid crystal structure, namely
the nematic director orientation at cell walls of the display,
1s actively controlled by alignment layers at the cell walls.
However, for LCDs containing the more ordered smectic
liquid crystal materials, alignment does not always recover
after having been perturbed by mechanical stress.

Smectic LCDs and, 1n particular, ferroelectric LCDs are
strong contenders for use 1n a wide range of display appli-
cations 1including large areca high definition television
(HDTV) displays, memory displays, and computer work
stations. However, a major problem limiting the use of
ferroelectric liquid crystal (FLC) materials in commercial
LCDs 1s their sensitivity to mechanical damage. Known
ways of reducing this problem are the use of damped
mountings and adhesive spacer techniques for fabrication of
FLLC panels. However, these techniques are not effective
against all possible types of mechanical damage, such as a
sudden 1mpact or continuous pressure.

For FLC display panels and other smectic LCDs, the
structure of the smectic layers as well as the orientation of
the director 1s an 1important parameter. For existing smectic
L.CDs, the smectic layer structure 1s only passively aligned
by cooling through the nematic to smectic phase transition,
1.€. there 1s no uniquely specified periodicity in the interac-
fion between the alignment layer and adjacent liquid crystal
molecules defining the alignment which the smectic layers
should adopt. Thus, 1f this alignment 1s disturbed in the
smectic phase, there 1s no force acting to restore the original
alignment.

Although most nematic liquid crystal alignment tech-
niques strongly control the nematic director orientation at
the display cell walls, there are some alignment techniques,
such as surface profile grating alignment, which are rela-
tively weak. Thus, mechanical stress can also cause disrup-
tion of the liquid crystal structure in certain nematic LCDs.

GB 2 194 792 discloses a method for orientation of a
liquid crystal involving chemical bonding. In particular, the
material which 1s to form the alignment layers 1s at least
partly chemically bonded before deposition on substrates
and 1ncorporation into a finished display structure. The
embodiments disclosed 1n this specification all perform such
chemical bonding entirely before deposition of the align-
ment layers. This may be because the detailed chemuistry
disclosed 1n this specification cannot be performed within
the cell structure of a display and produces bi-products
which would degrade the liquid crystal material within the
cell. Further, the surface alignment of the liquid crystal 1s not
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established by means of the bulk liquid crystal structure so
that this technique 1s impractical 1n providing active align-
ment.

JP 52 411 discloses an arrangement in which dichromatic
molecules are bonded to an alignment layer. Liquid crystal
molecules then align on the layer of dichromatic molecules.

EP 307 959, EP 604 921 and EP 451 820 disclose various
techniques for obtaining particular structures within ferro-
clectric liquid crystal layers which are intended to provide
improved mechanical stability. However, the structures dis-
closed 1n the specifications are incompatible with high speed
high contrast addressing schemes and are therefore of very
limited application.

GB 2 274 652 and EP 586 014 disclose arrangements 1n
which a conventional low molar mass ferroelectric liquid
crystal mixture 1s doped with a polymeric additive or a
polymer network. This arrangement 1s intended to improve
mechanical stability but has the disadvantage that switching
speed 15 reduced.

EP 635 749 discloses an adhesive spacer technique for the
fabrication of FLC display panels so as to provide more
resistance to mechanical damage. However, as described
hereinbefore, techniques of this type are not effective against
all possible types of mechanical damage.

EP 467 456 discloses the use of a liquid crystal gel layer
as an alignment layer. However, this type of alignment layer
1s used merely to control the pre-tilt angle of the liquid
crystal material mm the cell and does not improve the
mechanical stability.

S. H. Jin et al, “Alignment of Ferroelectric Liquid-crystal
Molecules by Liquid-Crystalline Polymer”, SID 95 Digest,
(1995) 536539 discloses the use of a main chain thermo-
tropic liquid crystal polymer as an alignment layer for a FLC
cell. However, the liquid crystal alignment i1s obtained by
conventional mechanical rubbing of this layer, the liquid
crystal polymer being 1n 1ts glassy phase at room tempera-
ture.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there 1is
provided a method of making a liquid crystal device as
defined 1n the appended claim 1.

According to a second aspect of the 1nvention, there 1s
provided a liquid crystal device as defined in the appended
claim 8.

According to a third aspect of the invention, there is
provided a liquid crystal device as defined 1n the appended
claim 9.

According to a fourth aspect of the invention, there 1is
provided a method of making a liquid crystal device as
defined 1n the appended claim 13.

According to a fifth aspect of the invention, there 1is
provided a method of making a liquid crystal device as
defined 1n the appended claim 17.

Preferred embodiments of the invention are defined in the
other appended claims.

Observations of flow in smectic liquid crystal cells have
demonstrated that the smectic layer structure can recover
from the effects of flow 1n the centre of the liquid crystal
layer so long as the smectic layer alignment at the surface 1s
not disturbed. Also, 1t has been observed that smectic liquid
crystal material can flow through regions where the normal
“virgin” structure of the layers has been destroyed and then
reform the virgin structure when 1t flows 1nto a region where
the smectic layers are still aligned at the surface. By increas-
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ing the strength with which the smectic layers are aligned 1n
a smectic LCD, increased resistance to mechanical damage
1s obtained. This 1s the result of two processes. According to
the first process, active control of the smectic layer structure
increases the level of mechanical stress which 1s required to
disrupt the smectic layering. According to the second
process, active control of the smectic layer structure permits
the smectic layers to recover after disruption has occurred.
It 1s thus possible to provide LCDs which are much more
capable of resisting mechanical damage.

These techniques can be applied to smectic LCDs and
also to other types such as nematic LCDs which otherwise
use weak alignment techniques. These techniques are par-
ticularly advantageous where a LCD has large areca which
makes conventional alignment techniques impractical or
where side effects of conventional alignment techniques can
damage the display panel, for instance damage of active
matrix panels by static charge generated by rubbed polymer
alignment techniques.

It 1s thus possible to provide a technique for achieving
active alignment of a liquid crystal structure parameter by
fixing molecules of a liquid crystal material adjacent to an
alignment layer to the alignment layer by chemical bonding.
By performing the chemical bonding during manufacture
when the liquid crystal material has filled the cell, the
desired alignment of the liquid crystal material 1s established
and this alignment 1s fixed at the interface between the liquid
crystal layer and the alignment layer. Thus, the desired
alignment 1s readily achieved by a form of active alignment.

It 1s also possible to provide another form of active
alignment defined by the interaction between an alignment
controlling layer containing liquid crystal material and the
liquid crystal layer of the display. The conventional align-
ment layer aligns the liquid crystal material 1n the or each
alignment controlling layer, which is then fixed. The inter-
action between the alignment controlling layer and the liquid
crystal layer of the display then provides the active align-
ment. It 1s believed that the interaction potential between the
alignment layer and the liquid crystal molecules has a
controlled periodicity which induces the required structure,
for instance the smectic layer structure. The alignment layer
periodicity may not need to be equal to the smectic pitch of
the liquid crystal material although the respective periodici-
ties should be at I similar.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be further described, by way of
example, with reference to the accompanying drawings, 1n
which:

FIGS. 1 to 3 are schematic diagrams 1illustrating smectic
layer structure and progressive perturbation therecof caused
by mechanical stress;

FIG. 4a 1s a schematic cross sectional diagram 1llustrating
a LCD constituting a first embodiment of the invention;

FIG. 4b 1s a schematic top view of FIG. 44; and

FIG. 5 1s a schematic cross sectional diagram 1llustrating,
a LCD constituting a second embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 illustrates the typical or initial smectic layer
structure of a smectic LCD. This structure 1s typified by the
chevron arrangement of layers 1n the smectic liquid crystal.

A process by which mechanical damage may occur 1s as
follows. When a LCD of this type 1s subjected to mechanical
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stress, the liquid crystal material 1s made to flow relative to
the cell walls. This flow 1nitially damages the structure of the
liquid crystal material in the middle of the cell away from
the cell walls but the smectic layers adjacent the cell walls
remain aligned as 1illustrated m FIG. 2. If the stress 1is
removed and the flow ceases, the display 1s capable of
recovering and re-establishing the structure illustrated in

FIG. 1.

Continued or greater mechanical stress causes further
flow of the liquid crystal material in the cell, as illustrated in
FIG. 3. The further flow causes loss of alignment of the
smectic layers adjacent the cell walls so that the smectic
layer structure 1s substantially destroyed. Loss of alignment
of the smectic layers at the alignment layer surfaces results
in permanent damage to the LCD or part thereof because the
normal smectic layer chevron structure cannot reform.

FIG. 4a illustrates a LCD comprising glass cell walls 1
and 2 having opposing surfaces which are provided with
alienment layers 3 and 4. The space between the alignment
layers 3 and 4 1s filled with a smectic liquid crystal material,
such as a FLLC. Other parts of the display, such as electrodes,
are not shown for the sake of clarity.

The smectic liquid crystal molecules adjacent the align-
ment layers 3 and 4 are chemically bonded to the alignment
layers so as to provide active alignment. Thus, when the
LCD 1s subjected to mechanical stress, the smectic layers
remain bonded to the surfaces of the alignment layers 3 and
4 and are not substantially disrupted. Even 1f the mechanical
stress 1s sufficient to cause flow of liquid crystal material
within the cell, the surface layers of liquid crystal material
are not disrupted. When the mechanical stress 1s removed,
the liquid crystal material regains the smectic layer structure
illustrated 1n FIG. 1, so that the LCD 1s not permanently
damaged.

FIG. 4b 1s a top view of the LCD shown in FIG. 4a. For
clarity, only the smectic LC layer adjacent one of the
alignment layers 3 and 4 1s shown. Indicated are the smectic
L.C molecules which are chemically bonded to the alignment
layer. It 1s not necessary that all smectic LC molecules
adjacent the alignment layer are chemically bonded to that
layer.

Clearly, the chemically bonded smectic LC molecules are
prevented from moving 1n either dimension in the plane of
the cell wall.

Three techniques for making the liquid crystal cell and, 1n
particular, the chemical bonds will now be described.

In accordance with the first technique, the 1nner surfaces
of the glass plates forming the cell walls 1 and 2 are coated
with alignment layers which contain reactive groups, such as
acrylates. The cell 1s then filled with FLLC material and the
smectic structure 1s mnitially aligned as usual by cooling from
the higher temperature phases. At the correct temperature to
obtain the required smectic layer structure, chemical bond-
ing between the reactive groups in the alignment layers 3
and 4 and the FLLC molecules 1s induced, for instance by
ultraviolet illumination. Thus, layers of FLC molecules
which have the required smectic layer structure are perma-
nently bonded to the alignment layers 3 and 4. Mechanical
damage cannot break the chemical bonds so that the LCD
has enhanced resistance to mechanical damage.

According to the second technique, the inner surfaces of
the glass plates forming the cell walls 1 and 2 are coated with
normal or conventional alignment layers. The cell 1s filled
with FLLC material containing a suitable proportion of reac-
tive mesogens, for example mesogenic molecules containing
acrylate groups. These reactive groups may be located either
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directly on the rigid core of the mesogenic molecule or on
a flexible alkyl chain. After filling the cell with the FLC
material, the smectic structure 1s 1nitially aligned as usual by

cooling from the higher temperature phases. At the correct
temperature to obtain the required smectic layer structure,
chemical bonding between the reactive mesogens and the
alignment layer 1s induced, for example by ultraviolet 1llu-
mination. Thus, FLC molecules having the required smectic
layer structure are permanently bonded to the alignment
layers 3 and 4. Mechanical damage cannot break the chemi-
cal bonds and so the LCD has enhanced resistance to
mechanical damage. Further, a network structure may also
be formed 1n the bulk of the FLLC layer because of bonding,
between reactive mesogens. This network structure further
stabilises the smectic layers in the bulk of the FLLC layer and
so further enhances the resistance to mechanical damage, but
may result in a reduction of the switching speed of the
display.

According to the third technique, the opposing surfaces of
the glass plates forming the cell walls 1 and 2 are coated with
alignment layers containing reactive groups. The FLC mate-
rial contains a suitable proportion of reactive mesogens, the
reactive groups being located either directly on the rigid core
of the mesogenic molecule or on a flexible alkyl chain. The
reactive groups 1n the FLC material and 1n the alignment
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layers have the property that selective bonding occurs pri-
marily between a group 1n the FLLC material and one 1n the
aligcnment layer, but not between groups 1n the FLC material
or between groups 1n the alignment layers. After filling the
cell with the FLC material, the smectic structure 1s initially
aligned as usual by cooling from the higher temperature
phases. At the correct temperature to obtain the required
smectic layer structure, chemical bonding between the reac-
tive groups 1n the alignment layers and 1n the FLLC material
1s 1induced, for instance by ultraviolet illumination. Thus,
layers of molecules having the required smectic layer struc-
ture are permanently bonded to the cell walls. Mechanical
damage cannot break the chemical bonds so that the resis-
tance of the LCD to mechanical damage 1s enhanced.

Various other photoinduced reactions may be used 1n the
third technique to bond the FLLC molecules to the alignment
layer. It 1s considered that bonding between the FLLC mate-
rial and the alignment layers can be effected by reaction
between olefinic groups 1n the alignment layer and keytones,

pyrroles or,mercaptans 1n the liquid crystal molecules. Two
of these photoinduced reactions are illustrated as follows:

LC molecule containing ketone group + alignment layer containing olefin group.

O

N
O
N~

sceoliol!

NN O O
|
| rﬂi@j<>«<+

Uuv

\4

O

LC molecule containing pyrrole group + alignment layer containing olefin group.
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However, there are many other candidates for providing,
this bonding, some of which are listed 1n the following table:

Reactive group 1n alignment layer Reactive group 1in LC Molecules

Olefins Mercaptans

Olefins Other olefins & Alkynes
Olefins Halogen alkanes

Olefins Alcohols

Olefins Aldehydes

Olefins Quinones

Olefins Sulphonic acid derivatives
Olefins Thiocarbonyl compounds
Alkynes Halogen alkanes
Alkynes Alcohols

Alkynes Mercaptans

Alkynes Amines

Aromatic & heteroaromatic compounds Other (hetero) aromatic cpds.
Aromatic & heteroaromatic compounds Maleic acid derivatives
Aromatic & heteroaromatic compounds Olefins & alkynes
Aromatic & heteroaromatic compounds Alcohols

Aromatic & heteroaromatic compounds FEthers

Aromatic & heteroaromatic compounds Amines

Aldehydes & ketones Alcohols

Aldehydes & ketones Hydrocarbons
Unsaturated compounds (including the  Si—H bonds

4 groups above)

The LCD shown 1n FIG. § differs from that shown 1n FIG.
4 1n that the alignment layers 3 and 4 are of conventional
type. In addition, smectic alignment layers 5 and 6 are
formed on the alignment layers 3 and 4 and have or contain
a smectic structure which 1s fixed to the aligenment layers 3
and 4 and which causes the FLC material to be correctly
aligned with the required smectic layer structure. Two
techniques for making the LCD shown 1in FIG. 5 will now
be described.

According to the first technique, after the conventional
alignment layers 3 and 4 have been formed, the alignment
layers § and 6 comprising a reactive mesogen are deposited.
The reactive mesogen has a smectic phase, the smectic pitch
of which can be controlled by temperature. The reactive
mesogen aligns on the alignment layers 3 and 4 and, at the
correct temperature for obtaining the required smectic
structure, the layers § and 6 are polymerised, for example by
ultraviolet 1llumination. The cell 1s then filled with FLC
material 1n the conventional manner. The alignment layers 5
and 6 formed by the polymerised reactive mesogen have the
normal property of aligning the liquid crystal director but
have the additional property of actively aligning the smectic
layering of the FLC material. Thus, the resistance of the
L.CD to mechanical damage 1s enhanced.

According to the second technique, after deposition of the
conventional alignment layers 3 and 4 on the opposing
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surfaces of the glass cell walls 1 and 2, the further alignment
layers 5 and 6 comprising a mixture of a reactive compound
and a smectic liquid crystal material are deposited. This
mixture aligns on the alignment layers 3 and 4 and, at the
correct temperature to obtain the required smectic layer
pitch and orientation, the layers § and 6 are polymerised, for
instance by ultraviolet 1llumination, forming a gel. The cell
1s then filled with FLC material in the conventional manner.
The alignment layers § and 6 thus formed by the polymer-
1sed gel have the normal property of aligning the liquid
crystal director but have the additional property of actively
aligning the smectic layering of the FLC material. Thus, the
resistance of the LCD to mechanical damage 1s enhanced.

It 1s thus possible to provide LCDs employing smectic
liquid crystal materials, such as FLLCs, whose resistance to
damage caused by mechanical stress 1s substantially
increased compared with known LCDs of this type. Further,
the arrangement shown 1n FIG. 4 and the techniques for
making this arrangement described hereinbefore may be
used with nematic and chiral nematic liquid crystal materials
so as to increase the resistance to damage 1n LCDs where the
liquid crystal material 1s not strongly aligned at the surfaces
of the alignment layers.

What 1s claimed 1s:

1. Amethod of making a liquid crystal device, comprising
forming a cell having opposed alignment layers defining a
volume therebetween, filling the volume with a liquid crys-
tal material, and chemically bonding at least one of the
alignment layers to adjacent molecules of the liquid crystal
material so as to fix the alignment of the liquid crystal
material at the surface of the at least one of the alignment
layers.

2. A method as claimed 1n claim 1, wherein the chemaical
bonding 1s photoinduced.

3. A method as claimed 1n claim 2, wherein the chemical
bonding 1s induced by ultraviolet irradiation.

4. A method as claimed in claim 1, wherein the hiquid
crystal material contains a reactive compound which bonds
chemically to the at least one of the alignment layers.

5. A method as claimed in claim 3, wherein the hiquid
crystal material contains a reactive compound which bonds
chemically to the at least one of the alignment layers and the
reactive compound comprises a reactive mesogen.

6. A method as claimed 1n claim 1, wherein the at least one
of the alignment layers contains a reactive group which
bonds chemically to the liquid crystal material.

7. Amethod as claimed 1n claim 4, wherein the at least one
of the alignment layers contains a reactive group which
bonds chemically to the liquid crystal material and the
reactive compound bonds chemically to the reactive group.

8. A liquid crystal device made by a method as claimed 1n
claim 1.
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9. A liquid crystal device comprising a liquid crystal layer
contained between opposing alignment layers, wherein at
least one periodic alignment controlling layer 1s disposed
between a respective one of the alignment layers and the

liquid crystal layer and the at least one periodic alignment 5

controlling layer contains a liquid crystal material which has
a predetermined pitch and the alignment of said liquid
crystal material 1s defined by the respective alignment layer
and fixed.

10. A device as claimed in claim 9, wherein the liquid
crystal material 1s a smectic liquid crystal material.

11. Adevice as claimed 1n claim 9, wherein the at least one
of the alignment controlling layers comprises a reactive
mesogen which 1s polymerised 1n 1ts smectic state.

12. A device as claimed 1n claim 9, wherein the at least
one of the alignment controlling layers comprises a smectic
liquad crystal and a reactive compound which 1s polymer-
1sed.

13. A method of making liquid crystal device comprising:

forming a cell having opposed alignment layers;

forming at least one periodic alignment controlling layer
on a respective one of the alignment layers, the at least

10

15

20

10

one of the alignment controlling layer containing a
liquid crystal material which has a predetermined pitch
and the alignment of said liquid crystal material 1s
defined by the respective alignment layer;

fixing the alignment of the liquid crystal material; and

filling the cell with a liquid crystal layer.

14. A method as claimed in claim 13, wherein liquid
crystal material 1s a smectic liquid crystal material.

15. A method as claimed 1n claim 13, wherein the at least
one alignment controlling layer comprises a reactive
mesogen which 1s cooled to its smectic state and then
polymerised.

16. A method as claimed 1n claim 13, wherein the at least
one alignment controlling layer comprises a mixture of a
smectic liquid crystal and a reactive compound which 1s
polymerised after the smectic liquid crystal has been cooled
to 1ts smectic state.

17. A liquid crystal device made by a method as claimed
in claim 13.
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